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1 . Statement 



Novelty (N) Claims YES 

Claims 1-17 NO 

Inventive step (IS) Claims YES 

Claims 1-17 NO 

Industrial applicability (LA) Claims 1 — 17 YES 

Claims jsjQ 



2. Citations and explanations 

The claimed invention relates to a composite intended for 
medical use. The composite comprises a thermoplastic component 
plasticizable within the range -10°C to +100°C, which is made 
up of hydroxy acids and has the molar mass 10 000- 1 000 000 
g/mole. The composite also comprises a bioactive component. 
The claimed invention also relates to the use of the composite 
and to products made therefrom. 

The following most relevant documents cited in the search 
report are: 

Dl US 5 338 772 A 

D2 US 4 595 713 A 

D3 EP 0 714 666 Al 

D4 US 5 433 751 A 



Dl relates to an implant material, which is based on a 
composite material of calcium phosphate ceramic particles and 
bioabsorbable polymer. Particularly preferred polymer 
components in the composite material are polymer materials 
based on polylactides . The average molecular weight of the 
polymer material is about 200-10 000 g/mole. The polymer is of 
hard consistency at room temperature but softens at 40-60 °C 
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Continuation of: V 

D2 relates to a medical implant useful in the regeneration of 
soft and hard tissue. It comprises a copolymer with 60-95% 
epsilon caprolactone and 40-5% lactide, it may also include 
osteogenic material in powdered or particulate form. The 
average molecular weight of the polymer material is about 200 
000-500 000 g/mole. The polymer softens at 46-71°C and is 
biodegradable . 



D3 relates to a biocompatible composite of a first absorbable 
component comprising a polymer formed from aliphatic lactone 
monomers selected from, for example, lactide and epsilon 
caprolactone and a second resorbable component comprising 
calcium-containing bone regenerating compounds such as 
powdered calcium phosphate. The average molecular weight of 
the polymer material is about 5 000- 200 000 g/mole. The 
polymer softens at temperatures less than 60°C. 

D4 finally relates to a bioresorbable bone prosthesis material 
containing powder of calcium carbonate dispersed within a 
polymer matrix, where the polymer is a bioresorbable, lactic 
acid polymer. The weight average molecular mass is at least 40 
000 and the material forms a pasty solid at a temperature 
below 50°C. 

The subject matter of claims 1-17 does not differ from the 
composite described in D2 . Consequently, claims 1-17 can not 
be considered to fulfil the requirements of novelty. 
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NOVEL PLASTIC BASED COMPOSITE AND ITS USE 



PCT/FI98/00572 



The invention relates to a composite which contains a 
plastic-based bioactive component and is intended for 
medical, in particular surgical or therapeutic, use. 

BACKGROUND OF THE INVENTION AND STATE OF THE ART 

5 To elucidate the background of the invention and the state 
of the art, the publications used, to which reference is 
made below, are to be viewed as being incorporated into the 
description of the invention below. 

Previously known composites made up of a plastic component 
10 and a bioactive component include combinations of 
hydroxyapatite and methylmethacrylate ( literature 
references (1) - (5)). 

However, a thermoplastic, plasticizable at a relatively low 
temperature, has not been used as the plastic component in 
15 the known composites mentioned above • 

OBJECT OF THE INVENTION 

The object of the invention is to provide a novel composite 
which is intended for medical use, in particular surgical 
or therapeutic use, and which contains a thermoplastic 
20 component and can be machined and molded into a piece-like, 
coherent, shock-resistant and load-resistant form. 

It is a particular object to provide a composite which can 
be plasticized at a relatively low temperature. 

It is also an object of the invention to provide a 
25 composite which is moldable for a certain period even after 
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2 

its temperature has been lowered to a temperature below the 
setting temperature of the plastic component. 

It is a further object of the invention in particular to 
provide a composite in which the biodegradability , 
5 plasticization temperature and setting rate of the plastic 
component can be controlled separately* 

SUMMARY OF THE INVENTION 

The characteristics of the invention are given in Claim 1. 
A composite according to the invention is characterized in 
10 that it comprises 

- a thermoplastic component, plasticizable within a 
temperature range of -10 °C...+100 °C, which is 
substantially made up of hydroxy acids or structural units 
derived from hydroxy acid derivatives, which has a molar 

15 mass within a range of 10,000 - 1,000,000 g/mol, and which 
degrades in the body typically within a period ranging from 
a few days to several years, and which in its solid state 
is a mechanically strong plastic or rubbery material and 

- a bioactive component, which is a bioactive glass, a bio- 
20 active xerogel, a bioactive ceramic material, or a 

bioactive glass ceramic material . 

PREFERRED EMBODIMENTS AND A DETAILED DESCRIPTION OF THE 
INVENTION 

The term "medical" is to be understood in the wide meaning 
25 of the word and thus also covers dental and veterinary 
applications . 

Bioactive component 

By the bioactive component used in the composite according 
to the present invention is meant a material which reacts 
30 in the physiological conditions of the body. The bioactive 
component may have one or more of the following properties: 
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bondable to tissues, bioresorbable, bondable/resorbable, 
releasing active agents, mineralizing, biocompatible, and 
antimicrobial. The bioactive component is a bioactive 
glass, a bioactive ceramic material, a bioactive glass 
5 ceramic material, coral or a coral-based product, or a 

bioactive xerogel . The concept of bioactivity is discussed 
in, for example, Heikkila's doctoral dissertation (Ref. 1). 

In a composite according to the invention, the bioactive 
component is present as particles separate one from 
10 another. The word "particle" here covers particles of 

different sizes and shapes, such as fibers, solid or porous 
pieces, rods, microparticles and glass beads. 

The bioactive glasses described in references (1) - (5) can 
be mentioned as examples of suitable bioactive glasses . 

15 Suitable bioactive ceramic materials include Ca phosphates, 
such as hydroxyapatite . 

An especially suitable bioactive component is xerogel . By 
xerogel is meant a dried gel, which is described in the 
literature (9, 11). Silica xerogels are partly hydrolyzed 
20 oxides of silicon. Hydrolyzed oxide gels can be produced by 
the sol-gel process, which has been used for the production 
of ceramic and glass materials for many years. 

The sol-gel process is based on the hydrolyzation of metal 
alkoxides and a subsequent polymerization of the metal 

25 hydroxides. As the polymerization reaction progresses, 

additional chains, rings and three-dimensional networks are 
formed, and a gel, made up of water, the alcohol of the 
alkoxy group and the gel itself, is formed. The sol may 
also contain other additives, such as acids or bases, which 

30 are used for the catalysis of the reaction. If the alcohol 
and the water are removed thereafter from the gel by 
washing and evaporation, a xerogel is obtained. 
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The polymerization of the remaining OH groups continues 
during the drying. The polymerization continues for a long 
time even after the gelation. This is called aging. The 
further the polymerization proceeds, the more stable the 
5 gel or xerogel becomes. At room temperature, however, the 
polymerization will in fact stop after an ageing of a few 
weeks, and the xerogel will not become completely inert. If 
the temperature is raised, the polymerization reaction can 
be accelerated, the gel becomes more stable and shrinkage 
10 occurs, and internal stresses appear in the xerogel to an 
increasing degree . 

If the temperature is raised to a sufficiently high level 
(approx. 1000 °C for monolithic silica gels), the gel or 
xerogel becomes a pure oxide and no OH groups are left in 
the material. However, in the case of pure oxides, the 
dissolution reaction rate is very slow. If the oxides are 
added together with other ions, such as Na, K, Mg or Ca, 
the reaction rate can be greatly increased. By these 
methods, bioactive glasses have been developed, which can 
form a silica gel layer on their surface through an ion ex- 
change reaction. The dissolution rate of these glasses is 
controlled by the composition and surface area of the 
glass. The glasses are melted at a temperature above 
1000 °C. Therefore it is not possible to add any organic 
compounds to the structure of the glass. 

Sol-Gel glasses have been used, for example, as implant 
materials, in particular in bone implants (11). These 
materials do not dissolve completely. The material is 
formed at a high temperature, and organic compounds cannot 
30 be incorporated into its structure. Klein et al. described 
that when used as implants, silica gels sintered at a lower 
temperature caused a strong cell reaction in macrophages 
and in lymphocytes • 



20 
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Plastic component 

The thermoplastic component used in the present invention, 
plasticizable within a temperature range of - 
10 °C.-.+100 °C, may be to a varying degree biodegradable 
5 or even bioactive. The term "biodegradable" covers all 

plastics which are not inert. This group thus includes all 
bioresorbable plastics (degrading under the action of 
cells) and biodegradable plastics (degrading under the 
effect of mere moisture). The use of the composite will 
10 determine whether it is expedient to select a plastic which 
is biodegradable at a slower or a more rapid rate. 

Biodegradable types of plastic are suitable for most of the 
uses of the composite according to the invention. A 
biodegradable plastic component disappears at the desired 

15 rate or is biologically nearly stable, and thus promotes 
the tissue contact and the desired tissue reaction of the 
bioactive component. The plastic of the composite thus 
keeps the particles of the bioactive component in place but 
does not necessarily prevent the bioactive material from 

20 coming into contact with tissue fluid. Since the plastic 
component gradually decomposes, the water of the tissue 
fluid comes through diffusion into contact with the 
bioactive component. Likewise, ions and any active 
additives released from the bioactive material can become 

25 diffused through the plastic and affect their surroundings. 
The surrounding and/or contact surface tissue grows, 
filling the void formed by the degradation of the plastic. 
Ultimately the plastic component decomposes completely and 
releases any possibly remaining bioactive component. 

30 Alternatively, the plastic component may be nearly inert. A 
composite made up of a bioactive material and an inert 
plastic may, if the composite possibly breaks, repair 
itself in the physiological environment under the 
mineralizing affect of the bioactive component. 
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The suitable plasticization temperature (= setting tempera- 
ture) of the plastic used is also determined according to 
the intended use of the composite. Plastics plasticizable 
within a temperature range of 5 °C...70 °C, preferably 
5 37 °C...55 °C, are suited for most of the uses of the 
composite according to the present invention. 

Especially suitable are plastics having a plasticization 
temperature in the vicinity of body temperature. The 
application of a product in plastic state will thus not 

10 cause thermal damage in the tissue. Also, additives, such 
as proteins, possibly admixed with the composite would 
remain undamaged in connection with the preparation and 
application of the product. If the product implanted in a 
tissue is required to be soft, it is possible to select a 

15 plastic component having a plasticization temperature some- 
what lower than body temperature . Such a product can be 
applied on a hardened form, whereafter it will soften in 
the tissue. 

There are, however, applications in which a very low (down 
20 to 

-10 °C) setting temperature of the plastic is preferable. 
One example is a situation in which it is desired to apply 
a piece or a component therein at a low temperature, 
whereafter the said piece or component is activated as the 
25 temperature rises. 

The plasticization temperature of the plastic component can 
be controlled very precisely, i.e. approx. ±1...±2 °C. 

Relatively slowly setting plastics, that is plastics which 
are moldable for a certain period, i.e. approx. 
30 15 S-...30 min, preferably 1...10 min even after the 
temperature of the plastic has been lowered to a 
temperature considerably lower than its setting 
temperature, are especially suitable. By the term 
"considerably lower" is meant here several degrees Celsius, 
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suitably approx. 10... 15 °C. If the plastic is of a slowly 
setting type such as this, it is not very critical even if 
its setting temperature is relatively high, i.e. above 
55 °C. The behavior described above is based on the slow 
5 mobility of large polymer molecules, in which case setting 
will occur for some time after the piece has cooled down. 

Physiologically suitable types of plastic, plasticizable at 
a relatively low temperature, are previously known* 
Poly(ortho esters) (J. Heller, (6, 7)) can be mentioned as 
10 an example. 

Structure of the polymer: 

An especially suitable plastic is a copolymer which is 
based on structural units such as a hydroxy acid; a hydroxy 
acid derivative such as a cyclic ester of a hydroxy acid, 
15 i.e. lactone; or a cyclic carbonate, such as trimethyl 
carbonate. L-, D- and DL-lactic acids; L-, D- and DL- 
lactides; and epsilon-caprolactone are highly suitable 
structural units. 

A plastic component which is a copolymer based on L-lactide 
20 and epsilon-caprolactone structural units is especially 
suitable for this use. The composition of the copolymer 
typically varies within the range 

epsilon-caprolactone 

= 2/98 . . . 98/2 

25 L-lactide 

and the molar mass M of the copolymer is within the range 
10,000. . .1,000,000 g/mol, suitably within the range 
30,000. 300,000 g/mol. 

It is known that the polymerization of lactones and cyclic 
30 carbonates can be carried out by catalytic ring-opening 

polymerization. The catalyst used may be selected from many 
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known options, and is typically an organometallic compound, 
such as tin (II) octoate or triethylaluminum . The control of 
the molar mass in polymerization of this type is based on 
an optimal selection of the polymerization temperature and 
5 period. It is also possible to use so-called initiator 

compounds, some typical examples of which are multivalent 
alcohols such as glycerol. In the polymerization, the 
polymer chains grow, starting from the -OH groups of the 
initiator compound, in which case the molar mass will be 

10 the lower the larger the amount of initiator present. It is 
possible to affect the shape of the forming molecule by the 
structure of the multivalent alcohol. Thus, for example, 
glycerol forms a comb-like molecule and pentaerythritol a 
star-like molecule. Polymerization which opens the lactone 

15 ring is described in, for example, literature reference 
(8). 

The above-mentioned L-Lactide/epsilon-caprolactone 
copolymers based on hydroxy acid structural units are 
described in patent application No. FI 965067. 

20 The control of the melting temperature of the plastic com- 
ponent, i.e. the polymer material, intended for the 
composite according to the invention is based on one hand 
on the selection of the monomer ratio in the initial 
substances and on the other hand on the control of the 

25 molar mass in the copolymerization . Both of these factors 
together affect the melting temperature of the copolymer 
obtained, and thus only certain combinations produce the 
desired result. An example of such a composition is a 
copolymer which contains poly-L-lactide 20 % by weight and 

30 6-caprolactone 80 % by weight. If the molar mass of this 
copolymer is approx . 30,000 g/mol, typically a melting 
temperature of approx. 40 °C is obtained. If, however, the 
molar mass of the said copolymer is approx. 300 , 000 ' g/mol , 
a melting temperature of approx. 48 °C is obtained. By the 

35 control of the molar mass and the composition, a material 
with a melting temperature anywhere within the range 
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-10 °C...+100 °C is obtained. 

In many applications, it is desired that the implant 
material degrades in a controlled manner, or reversely, has 
mechanical properties that remain stable for at least a 
5 certain period. The first stage in the biodegradability of 
the polymers of the present type is hydrolysis which cuts 
down the polymer chains until the molecule size is at a 
level at which the enzymatic functions of the body are 
capable of converting the degradation products into 
10 compounds natural for the body. 

In terms of the degradation rate, the hydrophilicity of the 
polymer is crucial. Thus, in the copolymers being discussed 
it is possible to control their hydrolytic degradation rate 
by controlling the monomer composition, and thereby also 
15 hydrophilicity, and this, in accordance with what has been 
stated above, directly affects the degradation of the 
material in the body. 

In terms of the invention, it is essential that, if the 
composition of the material is solely or almost solely 6- 
20 caprolactone , the balance being, for example, L-lactide, 

DL-lactide, D-lactide or dimethyl carbonate, the polymer is 
almost stable in the body, or degrades very slowly, 
typically in the course of a number of years. 

By the selection of the monomer composition and the simul- 
25 taneous control of the average molar mass of the copolymer 
by means of the preparation parameters, it is possible to 
exploit the previously known good biocompatibility of 
polyhydroxy acids. On the other hand, a waxy version of the 
copolymer material according to the invention can be 
30 rendered very rapidly degradable by controlling of the 
average molar mass and the monomer composition, as 
presented above. In this case the degradation period in the 
body is typically from a few days to a few weeks. 
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The degradation rate of a copolymer which contains poly-L- 
lactide and G-caprolactone can be controlled by means of 
the composition, so that when the lactide content is above 
60 % by weight, the polymer degrades within a period of 
5 less than one month and when the lactide content is below 
20 % by weight the degradation period is more than half a 
year. The degradation rate can be adjusted steplessly 
between these values by the control of the composition. 

The compression resistance of a plastic component in solid 
10 state is more than 10 Mpa and its tensile strength at break 
more than 10 Mpa. The material is plastic or rubbery. 

Composite 

The plastic component and/or the bioactive component of the 
composite according to the invention may also contain one 

15 or more additives . Examples which can be mentioned of such 
additives include the elements Ca, Na, P, B, Al, Zn, K, F, 
Si, Mg, CI and Ti and their compounds such as oxides; 
drugs, proteins, proteoglycanes , sugars, growth factors, 
hormones, enzymes, collagen and antioxidants. It is, of 

20 course, the use of the composite that determines the 
selection of the additive or additives . 

The composite according to the invention may form a dense 
or porous piece. The desired composite structure is 
obtained by the control of the ratio of the plastic 

25 component to the bioactive component. The mixing ratio of 
the plastic component to the bioactive component can be 
controlled within quite wide limits, i.e. the concentration 
of the bioactive component may vary within a range of 
1...98 % by weight of the composite. If the concentration 

30 of the bioactive component is very high, a composite 

structure is obtained in which the plastic component forms 
a binder between the particles of the bioactive component. 
In this case a rigid composite resembling a sugar lump is 
obtained. If the concentration of the bioactive component 
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is lower, i.e. less than 60 % by weight, a plastic-like 
composite is obtained which may be soft or resilient when 
so desired. 

The composite may be, for example, a coating, membrane, 
5 net, thread, fiber, powder, or a piece such as a plate, a 
bead, a tube, a nail, a rod or an adhesive. 

The composite according to the invention may also be 
prepared in connection with its use, immediately before it 
is being placed in a tissue (for example, a bone or a 
10 tooth). In this case the composite is prepared by "melting" 
the plastic component and the bioactive component together. 

On the basis of the composite according to the invention, 
it is also possible to prepare a multi-layer composite, 
such as a multi-layer membrane, so that the plastic 

15 components of the different layers plasticize at different 
temperatures. A multi-layer composite may also be made up 
of different layers in which the biodegradability of the 
plastic components is different. The surface layer, or part 
of the surface layer (one side, one edge area) of an 

20 implant made from a multi-layer composite may thus be more 
rapidly or more slowly biodegradable than the deeper layers 
of the implant. 

The composite according to the invention may also contain 
holes or channels. Optionally- it is also possible to make 
25 so-called nutrition channels in the composite during an 
operation as the composite is being installed. 

Applications : 

The composite according to the invention can be used for 
preparing products suited for various uses, some examples 
30 being the following groups: bone or cartilage applications, 
tooth and jaw applications, cartilage coatings and soft 
tissue applications. Bone applications include, for 
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example, bone or cartilage filling material, a product 
intended for repairing long bones, a plate for repairing 
the back of the eye or facial bones, bone cement, an 
adhesive for joining the product to a tissue or tissues, an 
5 implant coating, a piece for repairing the vertebral 
column, and a skull plate. Examples of tooth and jaw 
applications include temporary tooth filling material, tem- 
porary or permanent tooth root filling material, a 
parodontal product, a product to be installed in the cavity 

10 remaining after the extraction of a tooth, tooth cement, 
temporary tooth cement, temporary crown material, tooth 
implant coating, occlusion index rail, surgical paste and 
template material, which may be, for example, a paste, ring 
or thread which is placed in the gingival pocket. A tissue 

15 guiding membrane or tube which is applicable to bone, tooth 
or soft tissue areas can also be mentioned. Further 
applications include protective cloth, wound dressing, 
adhesive tape, and a carrier for active agents and other 
biological structures (autogenic and allogenic bone) and 

20 for drugs. 

The suitable composite or composites are selected according 
to the use of the final product. 

As to the bioactive component, it can be noted that a 
composite based on bioactive glass is especially well 
25 suited for products which are hoped to promote 

mineralization (filling materials, tooth coatings, bone 
fillings, etc.) or which are hoped to form bone bonds for 
the reconstruction of bone deficiencies (bone fillings, 
bone cements, various implants, etc.)- Composites based on 

30 a bioactive gel are especially well suited for final 

products the purpose of which is to release an active agent 
(for example, growth factor, hormone, cytostatic, etc.) for 
the treatment or prevention of a disease. A gel-based 
composite is also suitable for use in applications in which 

35 mineralization and the formation of bone bond are 

desirable. A gel-based composite is also suitable for the 
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reinforcement of products (the use of gel fibers for the 
reinforcement of plastic, bone pins, bone nails and bone 
screws, membranes, tendon tissue, filling materials, bone 
fillers , etc . ) . 

5 The plastic materials may be plastic or rubbery, and their 
areas of use are divided so that the plastic-like materials 
will be used mostly for filling purposes and the rubber- 
like ones mostly for release purposes. Of course, again all 
types of blends are possible, and the selection of the 
10 plastic is mostly determined on the basis of the mechanical 
requirements . 

Bone filler material to be used for the treatment of a 
fracture of an articular condyle can be taken as an example 
material. In the treatment of a condyle fracture, the 

15 material is required to have sufficient mechanical strength 
in order for it to be able to support the cortical bone 
during the healing process. It must be moldable to fill a 
cavity in the porous bone. It must release inorganic and/or 
organic compounds promoting bone growth and mineralization 

20 for at least the duration of the healing process. Another 

example is the fracture of a long bone. In the treatment of 
th6 fracture, the material can be used for attaching 
(gluing) the bone ends in the fracture to each other. A 
third example is the attaching of small fractured fragments 

25 to the parent bone in, for example, a cartilage fracture. 

Owing to the requirements presented above, the polymer 
matrix of a composite material must be plastic and melt to 
fluid state at approx . 4 2 °C. Its degradation time should 
in general be approx. 1-6 months, depending on the target 

30 1-3 years. The other component of the material must be a 
sol-gel-produced Ca , P-containing xerogel or a bioactive 
glass in a granular or fibrous form, in an amount of 
approx. 60 - 70 % by weight of the material; this promotes 
the mineralization of the bone and the bonding of the bone 

35 to the material. A third component may be a sol-gel- 
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produced xerogel which contains bone growth factor, 
promoting bone regeneration in a bone cavity or other bone 
deficiency. 

The following table (Table 1) shows the requirements set on 
5 a composite according to the invention as a function of the 
drug form: 

Table 1 





injectable 


implantable 


needle-like 
rod-like 


polymer matrix 


rubbery 


plastic or rubbery 


plastic 


melting 
temperature 


polymer melts at 45° C 
viscosity low 


melting temperature 
dependent on the drug 


melting temperature 
dependent on the 
drug 


gel 


spray-dried beads 


particle, fiber or 
monolith, depending on 
the shape of the piece 


fiber 



PREPARATION EXAMPLES 



Example 1 
10 Preparation of a matrix polymer 
Chemicals used: 

The copolymers were prepared from E-caprolactone monomer 
(E-CL)/ > 99 % pure, Fluka Chemika No, 21510, batch 
335334/1 794, and D,L-lactide (D,li-IiA) , Purac, batch 
15 DF386H. The catalyst used was tin (II) octoate (Stannous 2- 
Ethylhexanoate; SnOct), 95 % pure, Sigma No. s-3252, batch 
112H024 8. The initiator used was glycerol, 99*5 % pure, 
Fluka BioChemika No. 49767, batch 42489/2 1094. 



Purification and storage of the chemicals used: 
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There were molecular sieves (added on February 15, 1995) 
present in the 6-caprolactone used, and the bottle was 
stored, protected from light, at +2 3 °C. 

The D,L-lactide was purified by recrystallization from 
5 toluene (b.p. 110 °C) at a mass ratio of 1:2 

toluene/lactide . The lactide dissolved in hot toluene was 
poured from a round-bottomed flask into a beaker. The 
lactide dissolved in toluene was allowed to recrystallize 
overnight at +23 °C. After filtration (medium-rapid filter 
10 paper) the crystallized lactide was dried under a lowered 
pressure for 4 d at +40 °C, the pressure being 4 mbar. The 
same steps were repeated. Thus, a twice recrystallized 
D,L-lactide, stored in an exsiccator in a refrigerator at 
+4 °C, was used in the polymerization runs. 

15 The stannous octoate and glycerol were used as such. They 
were stored protected from light at +23 °C. 

Preliminary preparations for the polymerization: 

On the previous evening the lactide to be used for the 
polymerization was placed in a vacuum chamber at +40 °C 

20 under a pressure of 4 mbar. The two-section reactor (volume 
approx . 0.7 1) required for the polymerization was 
assembled. In connection with the assembling of the 
reactor, the condition of the teflon seal of the reactor 
was checked. The proper closing of the upper and lower 

25 sections of the reactor was ensured by using a closing 

device made from steel wire. Tap grease was applied lightly 
to the inside upper surfaces of the ground joints of the 
reactor . 

Polymerization : 

30 The oil bath used for the heating of the reactor was 
adjusted to 140 °C. The temperature of the oil varies 
during polymerization by 5 °C above and below the setting 
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value. First, approx . 10 g of the lactide was weighed into 
a small beaker (precision 0.0001 g). The stannous octoate 
and the glycerol were weighed and pipetted over the lactide 
by using a Pasteur pipette. Thereafter the beaker with its 
5 contents was poured into the lower section of the reactor. 
The rest of the lactide was weighed by using another 
balance (precision 0.01 g). The G-caprolactone was either 
poured or pipetted over the lactide . 

A magnetic stirrer was added to the reactor before the 
10 closing of the reactor halves. The reactor was placed in a 
bath, and the stirring rate was set at 250 min" 1 . The 
reactor was rinsed with argon (Aga, quality grade S, 
99.99 %) for approx. 15 min. The argon was directed into 
the reactor via a glycerol lock. Finally the outer surface 
15 of the reactor was lined with a foil. The stirring rate was 
reset at 125 min" 1 when the forming copolymer began to 
become more viscous. 

Copolymers prepared and their analysis: 

Table 2 shows a summary of the 6-caprolactone/D,L-lactide 
20 (e-CL/D,L-liA) copolymerization runs and the results of the 
product analyses. In all of the polymerization runs the 
temperature was 140 °C and the polymerization time 24 h. 

The molar mass values of the obtained copolymers, 
determined by gel permeation chromatography GPC, shown in 

25 Table 2, are the number-average molar mass M^, the weight- 
average molar mass M w , and polydispersity PD, obtained as 
the ratio K^/M^ of the above values . The same Table 2 shows 
the melting temperatures T m , determined by differential 
scanning calorimetry (DSC), of the polymerization products 

30 obtained. 
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Example 


e-CL/ 

D.L-LA- 

ratio 


SnOct- 

conc. 

mol/mol 


Glycerol 

cone. 

mol/mol 


10 3 g/mol 


TTT" 
xvx w 

10 3 g/ m ol 


T 

°c 


1 


100/0 


0,0001 


0,005 


45 


60 


56 


2 


80/20 


0,0001 


0,005 


40 


60 


42 


3 


100/0 


0,0001 


0,25 


4,3 


5,2 


35 


4 


60/40 


0,0001 


0,001 


20 


40 


38 



Properties of the polymer: 

Table 2 shows typical product polymers and their 
properties . 

5 GPC determinations: 

In the determination of the molar mass values by means of 
GPC, the samples were prepared by dissolving 15 mg of the 
sample in 10 ml of chloroform. The columns used were 
columns of Polymer Laboratories Ltd/ having a pore size of 

10 10 2 - 10 5 A. The samples were analyzed by using an RI, i.e. 
refraction index, detector manufactured by Waters, the run 
time being 55 min at a flow rate of 1 ml/min. For the 
determination of the molar masses of the samples, an 
experimental calibration curve plotted by means of the 

15 polystyrene standards (PS) of Polymer Laboratories Ltd was 
used. Since experimental a-values and K-values of the Mark- 
Houwink equation are not available for the copolymers, the 
molar masses in Table 2 are not the absolute molar masses 
of the samples but relative values, compared with the PS 

20 standards. 



DSC determinations: 
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In the DSC determinations, a sample of 5 - 10 g was heated 
at a rate of 10 °C/min in the calorimeter cell. In order to 
obtain the same thermal history for all of the samples, the 
samples were heated above their melting temperature, to a 
5 temperature above +80 °C, and were cooled to approx. - 

50 °C. The T m values, shown in Table 2, were registered from 
the curve of the second heating. 

Example 2 

Preparation of a composite material 

10 An amount of 20 g of a polymer prepared according to 

Example 1 was taken. An amount of 20 g of a bioactive glass 
(type S53P4, reference 10) having an average particle size 
of 300 jim was taken. The components were poured into the 
Kneteter mixing head of a Brabender Co-Kneader apparatus, 

15 where the rotation speed was 50 rpm. The temperature of the 
Kneteter head had been set at 55 °C, and the mixing time 
was 15 min, whereafter the mixing head was opened and the 
homogenized material was recovered in a molten state. 

The final product obtained was a homogeneous composite 
20 material having a bioglass content of 50 % by weight. The 
composite was stored in a gas-tight vessel under nitrogen 
shield gas . 

The above embodiments of the invention are only examples of 
the implementation of the idea according to the invention. 
25 For a person skilled in the art it is clear that the 

various embodiments of the invention may vary within the 
claims presented below. 
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CLAIMS 

1. A composite intended for medical use, in particular 
surgical or therapeutic use, characterized in that it 
comprises 

- a thermoplastic component plasticizable within the 

5 temperature range -10 °C...+100 °C, which is substantially 
made up of hydroxy acids and structural units derived from 
hydroxy acid derivatives, and the molar mass of which is 
within the range 10,000 - 1,000,000 g/mol, and which 
degrades in the body typically within a period ranging from 
10 a few days to several years, and which in its solid state 
is a mechanically strong plastic or rubbery material, and 

- a bioactive component, which is a bioactive glass, a bio- 
active xerogel, a bioactive ceramic material, coral or a 
coral-based product, or a bioactive glass ceramic material. 

15 2. The composite according to Claim 1, characterized in 
that the plastic component is plasticizable within the 
temperature range 5 °C...70 °C, preferably within the 
temperature range 37 °C..-55 °C. 

3. The composite according to Claim 1 or 2, characterized 
20 in that the plasticized plastic component remains moldable 
for a certain period even after the temperature of the 
composite has been lowered to a temperature which is 
considerably lower than the setting temperature of the said 
plastic component. 

25 4. The composite according to Claim 1, 2 or 3, 
characterized in that the plastic component is 
biodegradable in a controlled manner within the time range 
1 week - 3 years . 

5. The composite according to Claim 4, characterized in 
30 that the structural unit is an D- or DL-lactic acid; an 

D- or DL-lactide; or epsilon-caprolactone . 
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6. The composite according to Claim 5, characterized in 
that the plastic component is a copolymer based on 
structural units of L-lactide and epsilon-caprolactone. 

7. The composite according to Claim 6, characterized in 

5 that the composition of the copolymer is within the range 

epsilon-caprolactone 

= 2/98 . . . 98/2 

L-lactide 

8- The composite according to Claim 7, characterized in 
10 that 

epsilon-caprolactone 

= 4:1 

L-lactide 

9. The composite according to Claim 8, characterized in 
15 that the molar mass of the copolymer is approx. 30,000 - 

300,000 g/mol. 

10. The composite according to any of the above claims, 
characterized in that the bioactive component is present as 
separate particles in the composite. 

20 11. The composite according to Claim 10, characterized in 
that the separate particles are fibers, porous pieces, 
microparticles or glass beads . 

12. The composite according to any of the above claims, 
characterized in that the plastic component and/or the 

25 bioactive component contains one or more additives. 

13. The composite according to any of the above claims, 
characterized in that the plastic component and the 
bioactive component form a dense piece. 

14. The composite according to any of Claims 1-12, 
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characterized in that the plastic component forms a porous 
piece* 

15. A blend intended for the preparation of a composite ac- 
cording to any of Claims 1-14, characterized in that the 

5 plastic component and the bioactive component in the blend 
are in powder form, 

16. A coating, membrane, net, powder, fiber, thread, 
adhesive, or a piece such as a plate, bead, tube, nail or 
rod, prepared from the composite according to any of Claims 

10 1 - 14. 

17. The use of a composite according to any of Claims 1 - 
14 for the preparation of any of the following products: 

- a bone or cartilage application, such as a filling 
material for bone or cartilage, a product intended for the 

15 repairing of long bones, a plate for the repairing of the 
back of the eye or facial bones, a bone cement, an adhesive 
for joining the product to a tissue or tissues, an implant 
coating, a piece for the repairing of the vertebral column, 
and a skull plate, 

20 - a tooth or jaw application, such as a temporary tooth 
filling material, a temporary or permanent tooth root 
filling material, a parodontal product, a product to be 
placed in the cavity left by an extracted tooth, a tooth 
cement, a temporary tooth cement, a temporary crown 

25 material, a tooth implant coating, an occlusion index rail, 
a surgical paste, and a template material, which may be, 
for example, a paste, ring or thread to be fitted in a 
gingival pocket, 

- a cartilage coating, 

30 - a tissue guiding membrane or tube, 

- a protective cloth, a wound dressing, or an adhesive 
tape, 

- a carrier for an active agent, such as a drug, or for 
some other biological structure. 
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2. Citations and explanations 

The claimed invention relates to a composite intended for 
medical use. The composite comprises a thermoplastic component 
plasticizable within the range -10°C to + 100°C, which is made 
up of hydroxy acids and has the molar mass 10 000- 1 000 000 
g/mole. The composite also comprises a bioactive component. 
The claimed invention also relates to the use of the composite 
and to products made therefrom. 

The following most relevant documents cited in the search 
report are: 

Dl US 5 338 772 A 

D2 US 4 595 713 A 

D3 EP 0 714 666 Al 

D4 US 5 433 751 A 



Dl relates to an implant material, which is based on a 
composite material of calcium phosphate ceramic particles and 
bioabsorbable polymer. Particularly preferred polymer 
components in the composite material are polymer materials 
based on polylactides . The average molecular weight of the 
polymer material is about 200-10 000 g/mole. The polymer is of 
hard consistency at room temperature but softens at 40-60 °C 
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D2 relates to a medical implant useful in the regeneration of 
soft and hard tissue. It comprises a copolymer with 60-95% 
epsilon caprolactone and 40-5% lactide, it may also include 
osteogenic material in powdered or particulate form. The 
average molecular weight of the polymer material is about 200 
000-500 000 g/mole. The polymer softens at 46-71°C and is 
biodegradable . 

D3 relates to a biocompatible composite of a first absorbable 
component comprising a polymer formed from aliphatic lactone 
monomers selected from, for example, lactide and epsilon 
caprolactone and a second resorbable component comprising 
calcium-containing bone regenerating compounds such as 
powdered calcium phosphate. The average molecular weight of 
the polymer material is about 5 000- 200 000 g/mole. The 
polymer softens at temperatures less than 60°C. 

D4 finally relates to a bioresorbable bone prosthesis material 
containing powder of calcium carbonate dispersed within a 
polymer matrix, where the polymer is a bioresorbable, . lactic 
acid polymer. The weight average molecular mass is at least 40 
000 and the material forms a pasty solid at a temperature 
below 50°c. 



The subject matter of claims 1-17 does not differ from the 
composite described in D2 . Consequently, claims 1-17 can not 
be considered to fulfil the requirements of novelty. 
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UUSI MUOVIPOHJAINEN KOMPOSIITTI JA SEN KAYTTO 



Keksinnon kohteena on laaketieteelliseen , erityisesti 
kirurgiseen tai terapeuttiseen kayttoon tarkoitettu, muovi- 
pohjaista, bioaktiivis ta komponenttia sisaltava komposiit- 
ti . 

5 KEKSINNON TAUSTA JA TEKNIIKAN TASO 

Keksinnon taustan ja tekniikan tason valaisemiseksi kaytet- 
tyjen julkaisujen, joihin jatkossa on viitattu, on kat- 
sottava sisaltyvan alia esitettyyn keksinnon kuvaukseen . 

10 Ennestaan tunnettuja muovikomponentista ja bioaktiivisesta 
komponentista koostuvia komposiitte ja ovat esimerkiksi 
hydroksiapatiitin ja metyylimeta-akrylaatin yhdistelmat 
( kir jallisuusviitteet (1) - (5)). 

Ylla mainittujen tunnettujen komposiittien muovikomponent- 
15 tina ei ole kuitenkaan kaytetty verraten alhaisessa lampo- 
tilassa plastisoitavissa olevaa termoplastista muovia . 

KEKSINNON TARKOITUS 

Keksinnon tarkoituksena on aikaansaada uusi laaketieteelli- 
seen kayttoon, erityisesti kirurgiseen tai terapeuttiseen 
20 kayttoon soveltuva, termoplastista muovikomponenttia sisal- 
tava komposiitti , joka on tyostettava ja muovailtava kappa- 
lemaiseen, koossapysyvaan, iskulujaan ja kuormitusrasitusta 
kestavan muotoon. 

Erityisesti on tarkoituksena aikaansaada komposiitti , joka 
25 on plastisoitavissa verraten alhaisessa lampotilassa . 



Keksinnon tarkoituksena on myos aikaansaada komposiitti , 
joka on muovailtavissa tietyn ajan viela sen jalkeen, kun 
sen lampotila on laskettu muovikomponentin kovettumislampo- 



• # 

PCT/FI98/00572 

2 

tilan alapuolelle. 

Keksinnon tarkoituksena on edelleen erityisesti aikaansaada 
sellainen komposiitti, jonka muovikomponentin biohajoavai- 
suus, plastisointilampotila ja kovettumisnopeus ovat saa- 
5 dettavissa erikseen. 

YHTEENVETO KEKS INNOSTA 

Keksinnon tunnusmerkit ilmenevat patenttivaatimuksesta 1. 
Keksinnon mukaiselle komposiitille on tunnusomaista, etta 
10 se kasittaa 

- lampotila-alueella -10 °C...+100°C plastisoitavissa 
olevan termoplastisen muovikomponentin, joka oleellisesti 
koostuu hydroksihapoista tai hydroksihappo johdannaisista 
johdetuista rakenneyksikoista , ja jonka moolimassa on 

15 alueella 10 000 - 1 000 000 g/mol, ja joka hajoaa elimis- 
tossa tyypillisesti muutamasta paivasta usemapiin vuosiin 
pituisessa ajassa ja joka kiinteassa muodossaan on mekaani- 
sesti luja muovimainen tai kumimainen aine, seka 

- bioaktiivisen komponentin, joka on bioaktiivinen lasi, 
20 bioaktiivinen xerogeeli, bioaktiivinen keraami tai bioak- 
tiivinen lasikeraami . 

KEKSINNON SUOS ITELTAVAT SUORITUSMUODOT JA SEIKKAPERAINEN 
KUVAUS 

Kasite " laaketieteellinen " on ymmarrettava sanan laajassa 
25 merkityksessa ja kattaa nain ollen myos hammaslaaketieteel- 
liset ja elainlaaketieteelliset sovellukset. 

Bioaktiivinen koraponentti 

Taman keksinnon mukaisessa komposiitissa kaytetylla bioak- 
tiivisella komponentilla tarkoitetaan sellaista materiaa- 
30 lia, joka reagoi elimiston f ysiologisissa olosuhteissa. 
Bioaktiivisella komponentilla voi olla yksi tai useampia 
seuraavista ominaisuuksista : kudoksiin sitoutuva, bioresor- 
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boituva, sitoutuva/resorboituva, vaikuttavia aineita va- 
pauttava , mineralisoiva , bioyhteensopiva/compatible ja 
antimikrobielli . Bioaktiivinen komponentti on bioaktiivinen 
lasi, bioaktiivinen keraami, bioaktiivinen lasikeraami, 
5 koralli tai koralliperainen tuote, tai bioaktiivinen xero- 
geeli. Bioaktiivisuuden kasitetta on kasitelty mm. Heikki- 
lan vaitoskir jassa (viite 1). 

Keksinnon mukaisessa komposiitissa bioaktiivinen komponent- 
ti esiintyy toisistaan erillisina partikkeleina . Sana "par- 
10 tikkeli" kattaa tassa erikokoisia ja -muotoisia partikke- 
leita, kuten kuituja, kiinteita tai huokoisia kappaleita, 
sauvoja, mikropartikkeleita tai lasipalloja. 

Sopivista bioaktiivisista laseista voidaan mainita viit- 
teissa (1) - (5) kuvattuja bioaktiivisia laseja. 

15 Sopivia bioaktiivisia keraameja ovat esimerkiksi Ca-fosfaa- 
tit, kuten hydroksiapatiitti . 

Erityisen sopiva bioaktiivinen komponentti on xerogeeli. 
Xerogeelilla tarkoitetaan kuivattua geelia, joka on kuvattu 
kir jallisuudessa (9, 11). Pii-xerogeelit ovat osittain 
20 hydrolysoitu ja piin oksideja. Hydrolysoitu ja oksidigeele ja 
voidaan tuottaa sol-gel -prosessilla , jota on kaytetty 
keraamisten ja lasimateriaalien tuottamiseen monta vuotta. 

Sol-gel -prosessi perustuu metallialkoksidien hydrolysaati- 
oon ja sita seuraavaan metallihydroksidien polymerisaati- 
25 oon. 

Kun polymerisaatioreaktio etenee, lisaa ketjuja, renkaita 
ja kolmiulotteisia verkkoja syntyy ja muodostuu geeli, joka 
kpostuu vedesta, alkoksiryhman alkoholista ja itse geelis- 
ta . Sooli voi myoskin sisaltaa muita lisaaineita kuten 
30 happoja tai emaksia, joita kaytetaan reaktion katalyysiin. 
Jos alkoholi ja vesi poistetaan taman jalkeen geelista 
pesemalla ja haihduttamalla saadaan xerogeeli. 
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Kuivauksen aikana jatkuu jaljelle jaaneiden OH -ryhmien 
polymerisaatio. Polymerisaatio jatkuu pitkaan geelin muo- 
dostuksen jalkeenkin. Tata kutsutaan kypsymiseksi . Mita 
pitemmalle polymerisaatio etenee, sita stabiilimmaksi geeli 
5 tai xerogeeli tulee. Huoneen lampotilassa polymerisaatio 
kuitenkin itseasiassa loppuu muutaman viikon kypsymisen 
jalkeen ja xerogeelista ei tule taysin inerttia. Jos lampo- 
tilaa nostetaan, polymerisaatioreaktiota voidaan kiihdyt- 
taa, geelista tulee stabiilimpi ja kutistumista tapahtuu, 
10 ja xerogeeliin tulee enenevassa maarin sisaista jannitysta. 

Jos lampotila nostetaan riittavan korkealle (noin 1000 °G 
monoliittisille piigeeleille ) geelista tai xerogeelista 
tulee puhdas oksidi ja aineessa ei ole enaa OH -ryhmia 
jaljella. Tosin, kun on kyse puhtaista oksideista, on 

15 liukenemisen reaktionopeus erittain hidas. Jos oksidit 
lisataan yhdessa muiden ionien kuten Na , K f Mg tai Ca 
kanssa, reaktionopeutta voidaan lisata paljon. Nailla 
menetelmilla on kehitetty bioaktiiviset lasit, jotka voivat 
muodostaa piigeelikerroksen pinnalleen ioninvaihtoreaktion 

20 kautta. Naiden lasien liukenemisnopeus saadetaan lasin 
koostumuksen ja pinta-alan avulla. Lasit sulatetaan yli 
1000 °C lampotilassa. Siksi ei ole mahdollista lisata 
mitaan orgaanisia yhdisteita lasin rakenteeseen . 

Sol-gel -laseja on kaytetty mm. implanttimateriaaleina , 
25 etenkin luustoimplantteihin (11). Nama materiaalit eivat 

liukene taydellisesti . Aine on muodostettu korkeassa lampo- 
tilassa eika orgaanisia yhdisteita voida sisallyttaa sen 
rakenteeseen. Klein et al. kuvasi, etta alemmassa lampoti- 
lassa sintratut silikageelit aikaansaivat voimakkaan solu- 
30 reaktion makrof ageissa ja lymf osyyteissa kun niita kaytet- 
tiin implantteina . 

Muovikomponentti 

Tassa keksinnossa kaytetty lampotila-alueella 

-10 °C...+100 °C plastisoitavissa oleva termoplas tinen 
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muovikomponentti voi olla vaihtelevassa maarin biohajoava 
tai jopa bioaktiivinen . Kasite "biohajoava" kattaa kaikki 
muovit, jotka eivat ole inertteja. Tahan ryhmaan kuuluvat 
siten bioresorboituvat muovit (solujen vaikutuksesta hajoa- 
5 vat) ja biodegradoituvat muovit (pelkastaan kosteuden 

vaikutuksesta hajoavat muovit). Komposiitin kayttotarkoitus 
maaraa sen, onko tarkoituksenmukaista valita hitaammin vai 
nopeammin bioahajoava muovi. 

Biohajoavat muovityypit soveltuvat useimpiin keksinnon 

10 mukaisen komposiitin kayttotarkoituksiin . Biohajoava muovi- 
komponentti haviaa halutulla nopeudella tai on biologisesti 
lahes pysyva, ja edesauttaa taten bioaktiivisen komponentin 
kudoskontaktia ja toivottua kudosreaktiota . Komposiitin 
muovi pitaa talloin bioaktiivisen komponentin partikkelit 

15 paikoillaan, mutta se ei kuitenkaan valttamatta esta bioak- 
tiivista materiaalia tulemasta kosketukseen kudosnesteen 
kanssa. Koska muovikomponentti vahitellen hajoaa, paasee 
kudosnesteen vesi diffuusion kautta kosketukseen bioaktii- 
visen komponentin kanssa. Samoin paasevat bioaktiivisesta 

20 materiaalista vapautuneet ionit ja mahdolliset vaikuttavat 
lisaaineet dif f undoitumaan muovin lapi ja vaikuttamaan 
ymparistoonsa . Ymparoiva ja/tai kontaktipinnan kudos kasvaa 
tayttaen muovin hajoamisesta muodostuvan tyhjan tilan. 
Lopulta muovikomponentti hajoaa kokonaan ja vapauttaa mah- 

25 dollisen jaljella olevan bioaktiivisen komponentin . 

Muovikomponentti voi vaihtoehtoisesti olla lahes inertti . 
Komposiitti, joka koostuu bioaktiivisesta materiaalista ja 
inertista muovista, voi komposiitin mahdollisesti murtuessa 
f ysiologisessa ymparistossa korjata itsensa bioaktiivisen 
30 komponentin mineralisoivan vaikutuksen ansiosta. 

Kaytetyn muovin sopiva plastisointilampotila (= kovettu- 
mislampotila ) maaraytyy myos komposiitin kayttotarkoituksen 
mukaan. Lampotila-alueella 5 °C...70 °C, edullisesti 37 
°C*..55 °C plastisoitavissa olevat muovit soveltuvat useim- 
35 piin taman keksinnon mukaisen komposiitin kayttotarkoituk- 
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Erityisen sopivia ovat sellaiset muovit, joiden plastisoin- 
tilampotila on ruumiinlampotilan laheisyydessa . Plastisessa 
tilassa olevan tuotteen asettarainen paikalleen ei taten 
5 aiheuta lampovaurioita kudokseen. Myoskin komposiittiin 
mahdollisesti seostetut lisaaineet kuten proteiinit sai- 
lyisivat vahingoittumattomina tuotteen valmistuksen ja 
applikaation yhteydessa. Jos kudokseen asetetun tuotteen 
tulisi olla pehmea, voidaan vallta sellainen muovikom- 
10 ponentti, jonka plastisointilampotila on hieman alempi kuin 
ruumiin lampotila. Tallainen tuote voidaan applikoida 
kovetetussa muodossa, minka jalkeen se pehmenee kudoksessa. 

On kuitenkin olemassa sovelluksia, joissa muovin hyvin 
alhainen ( jopa -10 °C) kovettumislampotila on suositeltava . 
15 Esimerkkina voidaan mainita tilanne, jossa halutaan appli- 
koida kappale tai siina oleva komponentti alhaisessa lampo- 
tilassa, minka jalkeen mainittu kappale tai komponentti 
aktivoituu lampotilan noustessa. 

Muovikomponentin plastisointilampotila voidaan saataa hyvin 
20 tarkasti, eli noin ±1...±2 °C. 

Erityisen sopivia ovat verraten hitaasti kovettuvat muovit, 
so. sellaiset, jotka ovat muovailtavissa tietyn ajan, eli 
noin 15 S...30 min, edullisesti 1...10 min viela sen jal- 
keen, kun muovin lampotila on laskettu tuntuvasti alempaan 

25 lampotilaan kuin sen kovettumislampotila. Kasitteella 
"tuntuvasti alempi" tarkoitetaan tassa useita celsius- 
asteita, sopivasti noin 10... 15 °C. Jos muovi on tallainen 
hitaasti koveneva, ei ole niin kriittista, vaikka sen 
kovettumislampotila olisi suhteellisen korkea, eli yli 55 

30 °C. Edella kuvattu kayttaytyminen perustuu suurten polymee- 
rimolekyylien hitaaseen liikkuvuuteen , jolloin kovettumista 
tapahtuu jonkin aikaa kappaleen jaahdyttya. 



Fysiologisesti 



sopivat , 



verraten matalassa 



lampotilassa 
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plastisoitavissa olevia muovityyppe ja ovat enhestaan tun- 
nettuja. Esimerkkina voidaan mainita polyortoesterit (J 
Heller, (6,7)). 

Polymeerin rakenne : 

5 Erityisen sopiva muovi on sekapolymeeri , joka perustuu 

sellaisiin rakenneyksikoihin kuin jokin hydroksihappo ; hyd- 
roksihappo johdannainen , kuten esimerkiksi hydroksihapon 
syklinen esteri eli laktoni; tai syklinen karbonaatti kuten 
esimerkiksi trimetyylikarbonaatti . Varsin sopivia raken- 
10 neyksikoita ovat L-, D- tai DL-maitohappo ; L-, D- tai DL- 
laktidi; tai epsilon-kaprolaktoni . 

Erityisen soveltuva tahan kayttotarkoitukseen on muovikom- 
ponentti, joka on L-laktidi- ja epsilon-kaprolaktoni-raken- 
neyksikoihin perustuva sekapolymeeri • Sekapolymeerin koos- 
15 tumus vaihtelee tyypillisesti alueella 

epsilon-kaprolaktoni 

= 2/98 98/2 

L-laktidi 

ja sekapolymeerin moolimassa M on alueella 
20 10 000... 1 000 000 g/mol, sopivasti alueella 
30 000... 300 000 g/mol. 

Laktonien ja syklisten karbonaattien polymerointi voidaan 
tunnetusti tehda katalyyttisella renkaan avaavalla polyme- 
roinnilla. Kaytettava katalyytti voidaan valita monista 

25 tunnetuista vaihtoehdoista ja on tyypillisesti jokin or- 
ganometallinen yhdiste kuten tina (II) oktoaatti tai trie- 
tyylialumiini . Moolimassan saato taman tyyppisessa polyme- 
roinnissa perustuu polymerointilampotilan ja -ajan optimaa- 
liseen valintaan. On myos mahdollista kayttaa nk. initiaat- 

30 toriyhdisteita, joista tyypillisia ovat moniarvoiset alko- 
holit kuten glyseroli . Polymeroinnissa polymeeriket jut 
kasvavat initiaattoriyhdisteen -OH -ryhmista lahtien, 
jolloin moolimassasta tulee sita alhaisempi mita enemman 
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initiaattoria on lasna. Moniarvoisen alkoholin rakenteella 
voidaan vaikuttaa muodostuvan molekyylin muotoon. Nain 
esimerkiksi glyseroli muodostaa kampamaisen ja pentaeryt- 
ritoli tahtimaisen molekyylin. Laktonien renkaan avaava 
5 polymerointi on kuvattu esimerkiksi kir jallisuusviitteessa 
(8) . 

Edella mainitut hydroksihapporakenneyksikoihin perustuvat 
L-laktidi/epsilon-kaprolaktoni -sekapolymeerit on kuvattu 
patenttihakemuksessa nro FI 965067. 

10 Keksinnon mukaiseen komposiittiin tarkoitetun muovikom- 

ponentin eli polymeerimateriaalin sulamislampotilan saato 
perustuu toisaalta monomeerisuhteen valintaan lahtoaineis- 
sa, ja toisaalta moolimassan saatoon kopolymeroinnissa . 
Molemmat seikat yhdessa vaikuttavat saadun kopolymeerin 

15 sulamislampotilaan, joten vain tietyt kombinaatiot tuotta- 
vat halutun tuloksen. Tallainen koostumus on esimerkiksi 
poly-L-laktidia 20 p-% ja £-kaprolaktonia 80 p-% sisaltava 
sekapolymeeri . Jos taman sekapolymeerin moolimassa on noin 
30 000 g/mol saavutetaan tyypillisesti sulamislampotila, 

20 joka on noin 40 °C. Jos mainitun sekapolymeerin moolimassa 
taas on noin 300 000 g/mol saadaan sulamislampotil , joka on 
noin 48 °C. Saatamalla moolimassaa ja koostumusta saadaan 
materiaali, jonka sulamislampotila on mika tahansa valilla 
-10 °C. .-.+100 °C. 

25 Useissa sovelluksissa halutaan implanttimateriaalin olevan 
kontrolloidusti hajoavaa, tai kaantaen ainakin tietyn ajan 
mekaanisilta ominaisuuksiltaan pysyva . Nyt puheena olevaa 
tyyppi^ olevien polymeerien bioha joavuuden ensimmainen 
vaihe on hydrolyysi, joka pilkkoo polymeeriket jut pienem- 

30 miksi, kunnes molekyylikoko on tasolla, jolla elimiston 

omat entsymaattiset toiminnot voivat muuttaa hajoamistuot- 
teet elimistolle luonnollisiksi yhdisteiksi. 

Ha joamisnopeuden kannalta polymeerin hydrof iilisyys on 
keskeinen seikka. Niinpa puheena olevissa kopolymeereissa 
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monomeerikoostumusta , ja siten myos hydrof iilisyytta , 
saatamalla on mahdollista saadella hydrolyyttista hajoamis- 
nopeutta , mika edella esitetyn mukaisesti suoraan vaikuttaa 
materiaalin hajoamiseen elimistossa. 

5 Oleellista keksinnon kannalta on, etta mikali materiaalin 
koostumus on yksinomaan tai lahes yksinomaan 6-kaprolakto- 
nia, lopun ollessa esim. L-laktidia, DL-laktidia, D-lakti- 
dia tai dimetyylikarbonaattia , on polymeeri elimistossa 
lahes pysyva, tai hyvin hitaasti, tyypillisesti usean 
10 vuoden kuluessa hajoava. 

Valitsemalla monomeerikoostumus ja samanaikaisesti saata- 
malla valmistusparametrien avulla kopolymeerin keskimaa- 
raista moolimassaa voidaan hyodyntaa polyhydroksihappo jen 
tunnetusti hyvaa bioyhteensopivuutta . Toisaalta vahamainen 
15 versio keksinnon mukaisesta kopolymeerimateriaalista voi- 
daan saada hyvinkin nopeasti hajoavaksi keskimaaraista 
moolimassaa ja monomeerikoostumusta saatamalla kuten edella 
on esitetty. Talloin hajoamisaika elimistossa on tyypilli- 
sesti joistakin paivista joihinkin viikkoihin. 

20 Poly-L-laktidia ja 6-kaprolaktonia sisaltava sekapolymeerin 
ha joavuusnopeutta voidaan saataa koostumuksen avulla siten, 
etta laktidipitoisuuden ollessa yli 60 p-% polymeeri on 
hajoava alle yhden kuukauden ajassa, ja laktidipitoisuuden 
ollessa alle 20 p-% hajoamisaika on yli puoli vuotta . 

25 Ha joamisnopeus on portaattomasti saadettavissa naiden 
arvojen valilla koostumusta saatamalla. 

Kiinteassa muodossa olevan muovikomponentin puristuslu juus 
on yli 10 Mpa ja vetomurtolu juus yli 10 Mpa. Materiaali on 
olomuodoltaan muovimainen tai kumimainen. 

30 Komposiitti 

Keksinnon mukainen komposiitin muovikomponentti ja/tai 
bioaktiivinen komponentti voi myos sisaltaa yhden tai 




PCT/FI98/00572 

10 

useamman lisaaineen. Esimerkkeina sellaisista lisaaineista 
voidaan mainita alkuaineet Ca , Na, P, B, Al , Zn, K, F, Si, 
Mg, CI ja Ti ja niiden yhdisteita kuten oksideja; laakeai- 
neita, proteiineja, proteoglykaane ja , sokereita, kasvuteki- 
5 joita, hormoneja, entsyymeja, kollageenia ja antioksidant- 
teja. Komposiitin kayttotarkoitus maaraa luonnollisesti 
lisaaineen tai lisaaineiden valinnan. 

Keksinnon mukainen komposiitti voi muodostaa tiiviin tai 
huokoisen kappaleen. Saatelemalla muovikomponentin ja 

10 bioaktiivisen komponentin valista suhdetta saadaan haluttu 
komposiittirakenne . Muovikomponentin ja bioaktiivisen kom- 
ponentin seossuhdetta voidaan saadella varsin laajoissa 
rajoissa, eli bioaktiivisen komponentin pitoisuus voi 
vaihdella alueella 1...98 paino-% komposiitista . Jos bioak- 

15 tiivisen komponentin pitoisuus on hyvin suuri, saadaan 

komposiittirakenne, jossa muovikomponentti muodostaa side- 
aineen bioaktiivisen komponentin partikkeleiden valille. 
Talloin muodostuu jaykka "sokeripalamainen" komposiitti. 
Jos bioaktiivisen komponentin pitoisuus on pienempi, eli 

20 alle 60 paino-%, saadaan muovimainen komposiitti, joka voi 
olla pehmea tai joustava niin haluttaessa. 

Komposiitti voi olla esimerkisi pinnoite, kalvo, verkko, 
lanka, kuitu, jauhe, tai kappale, kuten levy, pallo, putki, 
naula, sauva tai liima. 

25 Keksinnon mukainen komposiitti voidaan myos valmistaa vasta 
kayton yhteydessa juuri ennen sen asettamista paikalleen 
kudokseen (esimerkiksi luuhun tai hampaaseen). Talloin 
komposiitti valmistetaan " sulattamalla " muovikomponentti ja 
bioaktiivinen komponentti yhteen . 

30 Keksinnon mukaisen komposiitin pohjalta voidaan myos val- 
mistaa monikerroskomposiittia , kuten monikerroskalvoa 
siten, etta eri kerrosten muovikomponentit plastisoituvat 
eri lampotiloissa . Monikerroskomposiitti voi myos muodostua 
eri kerroksista, joiden muovikomponenttien biohajoavuus 
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vaihtelee. Monikerroskomposiitista valmistetun implantin 
pintakerros tai sen osa (toinen puoli, toinen reuna-alue) 
voi taten olla nopeammin tai hitaammin biohajoava kuin 
implantin syvemmat kerrokset . 

5 Keksinnon mukainen komposiitti voi myos sisaltaa reikia tai 
kanavia. Vaihtoehtoisesti voidaan komposiittiin tehda ns . 
nutritiokanavia operaation aikana komposiitin asettamisen 
yhteydessa. 
Sovellukset : 

10 Keksinnon mukaisesta komposiitista voidaan valmistaa eri- 
laisiin kayttotarkoituksiin soveltuvia tuotteita, joista 
voidaan esimerkkeina mainita seuraavat ryhmat : luusto- tai 
rustosovellukset, hammas- ja leuka-alan sovellukset, rusto- 
pinnoitteet ja pehmytkudossovellukset . Luustosovelluksiin 

15 kuuluvat esimerkiksi luun tai ruston tayttomateriaali , 

putkiluiden kor jaamiseen tarkoitettu tuote, silmapohjan ja 
kasvoluiden korjauslevy, luusementti, liima tuotteen ja 
kudoksen tai kudosten kiinnittamiseen , implanttipinnoite , 
selkarangan kor jauskappale ja kallolevy. Hammas- ja leuka- 

20 alan sovelluksista voidaan mainita valiaikainen hanunaspaik- 
kamateriaali , valiaikainen tai pysyva hammas juuren taytema- 
teriaali, parodontaalinen tuote, hampaan poistokuoppaan 
asetettava tuote, hammas sementti , valiaikainen hammasse- 
mentti, valiaikainen kruunumateriaali , hammasimplanttipin- 

25 noite, purentaindeksikisko, kirurginen pasta ja jaljennos- 
aine, joka voi olla esimerkiksi massa, rengas tai lanka, 
joka asetetaan ientaskuun. Lisaksi voidaan mainita tissue 
guiding -kalvo tai -putki, joka soveltuu luusto-, hammas- 
ja pehmytkudosalueille . Muista sovellutuksista voidaan 

30 edelleen mainita suojaliina, haavaliina, laastari seka 
vaikuttavien aineiden ja muiden biologisten rakenteiden 
(autogeeninen ja allogeeninen luu) seka laakkeiden kantaja- 
aine . 

Lopputuotteen kayttotarkoituksen mukaan valitaan sopiva 
35 komposiitti tai komposiitit. 
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Bioaktiivisesta komponentista voidaan todeta, etta bioak- 
tiiviseen lasiin pohjautuva komposiitti sopii erityisen 
hyvin tuotteisiin, joiden ansiosta toivotaan tapahtuvan 
mineralisaatio ( paikkamateriaalit , hampaan pinnoitteet , 
5 luutaytteet jne.), tai joiden toivotaan muodostavan luusi- 
doksia luupuutosten rekonstruoimiseksi (luutaytteet, iuuse- 
mentit, erilaiset Implantit jne.). Bioaktiiviseen geeliin 
pohjautuvat komposiitit soveltuvat erityisen hyvin loppu- 
tuotteisiin, joiden tarkoitus on luovuttaa vaikuttava aine 

10 ( esimerkiksi kasvutekija, hormoni, sytostaatti jne. ) sai- 

rauden hoitoon tai ehkaisyyn. Geeliin perustuva komposiitti 
sopii myos kaytettavaksi sovelluksissa , joissa mineralisaa- 
tiota ja luusidoksen muodostumista pidetaan toivottavana . 
Geeliin pohjautuva komposiitti sopii myos tuotteiden vah- 

15 vistamistarkoituksiin ( geelikuitu jen kaytto muovin vahvis- 
tamiseen, luupuikot, luunaulat ja luuruuvit, kalvot, janne- 
kudos, paikka-aineet , luutaytteet yms . ) . 

Muovimateriaalit voivat olla muovimaisia tai kumimaisia, ja 
20 niiden kayttoalueet jakautuvat siten, etta muovimaisia 
tullaan kayttamaan enimmakseen tayttotarkoituksissa ja 
kumimaisia enimmakseen luovutustarkoituksissa . Tietenkin 
jalleen kaikenlaiset seokset voivat tulla kyseeseen ja 
muovin valinta maaraytyy enimmakseen mekaanisten vaatimus- 
25 ten perusteella. 

Esimerkkimateriaalina voidaan ottaa nivelnastan murtuman 
hoitoon kaytettava luutaytemateriaali . Nivelnastan murtuman 
hoidossa materiaalilta vaaditaan riittavaa mekaanista 
lujuutta, jotta se voisi tukea kortikaaliluuta paranemis- 

30 prosessin ajan. Sen pitaa olla muotoiltavissa hohkaluuhun 
syntyneen kaviteetin taytteeksi. Sen pitaa vapauttaa luun 
kasvua ja mineralisoitumista edistavia epaorgaanisia ja/tai 
orgaanisia yhdisteita ainakin paranemisprosessin ajan. 
Toisena esimerkkina on putkiluun murtuma . Sen hoidossa 

35 voidaan materiaalilla kiinnittaa (liimata) luunpaat murtu- 
maraossa toisiinsa. Kolmas esimerkki on pienten murtuma- 
fragmenttien kiinnittaminen emoluuhun esim. rustomurtumassa . 
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Edella esitetyista vaatimuksista johtuen komposiittimateri- 
aalin polymeerimatriisin pitaa olla muovimainen ja sulaa 
juoksevaksi n. 42 °C:ssa. Sen ha joamisnopeuden tulisi olla 
yleensa noin 1-6 kuukautta, kohteesta riippuen 1-3 
5 vuotta. Materiaalin toisena komponenttina pitaa olla sol- 
gel -tuotettu Ca,P -pitoinen xerogeeli tai bioaktiivinen 
lasi granula- tai kuitumuodossa n. 60 - 70 p-% materiaa- 
lista, joka edesauttaa luun mineralisoitumista ja luun 
sitoutumista materiaaliin. Kolmantena komponenttina voi 
10 olla sol-gel -tuotettu luun kasvuteki jaa sisaltava xerogee- 
li, joka edesauttaa luuregeneraatiota luukaviteettiin ja 
muuhun luupuutokseen • 

Seuraavasssa taulukossa (taulukko 1) nahdaan keksinnon 
mukaiseen komposiittiin asetettavat vaatimukset laakemuodon 
15 funktiona: 



Taulukko 1 





ruiskutettava 


impiantoitava 


neulamainen 
sauvamainen 


polymeerimatriisi 


kumimainen 


muovimainen tai 
kumimainen 


muovimainen 


sulamislampotila 


polymeeri sulaa 
45° C:ssa 

viskositeetti alhainen 


laakeaineesta riippuva 
sulamislampotila 


laakeaineesta riippuva 
sulamislampotila 


geeli 


ruiskukuivattua palloa 


kappaleen muodosta 
riippuen partikkeli, kuitu 
tai monoliitti 


kuitu 



VALMISTUSESIMERKIT 



Esimerkki 1 

Matriisipolymeerin valmistus 

20 Kaytetyt kemikaalit: 

Kopolymeerit valmistettiin 6-kaprolaktonimonomeerista (6- 
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CL), > 99 % puhdas, Fluka Chemika nro 21510, era 335334/1 
794, ja D,L-laktidista (D,L-LA), Purac, era DF386H. Kata- 
lyyttina kaytettiin tina (II) oktoaattia (Stannous 2-Ethylhe 
xanoate; SnOct), 95 % puhdas, Sigma nro s-3252, era 
5 112H0248. Initiaattorina kaytettiin glyserolia, 99,5 % 
puhdas, Fluka BioChemika nro 49767, era 42489/2 1094. 

Kaytettyjen kemikaalien puhdistus ja sailytys: 

Kaytetyssa E-kaprolaktonissa oli mukana molekyyliseulo ja 
(lisatty 15.2.1995), ja pullo sailytettiin valolta suojat- 
10 tuna +23 °C:n lampotilassa. 

D,L-laktidi puhdistettiin uudelleenkiteyttamalla tolueenis 
ta (k.p. 110 °C) massasuhteessa 1:2 tolueeni/laktidi . 
Kuumaan tolueeniin liuennut laktidi kaadettiin pyorokolvis 
ta dekantterilasiin . Tolueeniin liuenneen laktidin. annet- 

15 tiin uudelleenkiteytya yon yli +23 °C:ssa. Suodatuksen 
jalkeen (keskinopea suodatinpaperi ) kiteytynyt laktidi 
kuivattiin alennetussa paineessa 4 d +40 °C:ssa, paineen 
ollessa 4 mbar. Samat tyovaiheet toistettiin. Polymeroin- 
neissa kaytettiin siten kahteen kertaan uudelleenkiteytet- 

20 tya D,L-laktidia, jota sailytettiin eksikkaattorissa jaa- 
kaapissa +4 °C:n lampotilassa. 

Tinaoktoaatti ja glyseroli kaytettiin sellaisinaan. Ne 
sailytettiin valolta suojattuina +23 °C:ssa. 

Polymeroinnin esivalmistelut : 

25 Edellisena iltana polymeroinnissa kaytettava laktidi lai- 
tettiin tyh j iokaappiin +40 °C:n lampotilaan 4 mbar painee- 
seen. Polymeroinnissa tarvittava kaksiosainen reaktori 
( tilavuudeltaan n. 0,7 1) koottiin. Reaktorin kokoamisen 
yhteydessa tarkistettiin siihen kuuluvan tef lontiivisteen 

30 kunto . Reaktorin yla- ja alaosan sulkeutuminen kunnolla 
varmistettiin kayttaen rautalangasta tehtya suljinta. 
Reaktoriin kuuluvat hiokset siveltiin hioksen sisapuolisil 
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ta ylapinnoilta kevyesti hanarasvalla . 



Polymerointi : 

Reaktorin lammitykseen kaytetty oljyhaude saadettiin 140 
°C:n lampotilaan. Oljyn lampotila vaihtelee polymeroinnin 
5 aikana 5 °C asetusarvon yla- ja alapuolella. Laktidia 

punnittiin ensin noin 10 g pieneen dekantterilasiin (tark- 
kuus 0,0001 g)* Laktidin paalle punnittiin tinaoktoaatti ja 
glyseroli pipetoimalla ne Pasteur-pipetilla . Taman jalkeen 
dekantterilasi sisaltoineen kaadettiin reaktion alaosaan. 
10 Loppuosa laktidista punnittiin toisella vaa' alia (tarkkuus 
0,01 g). Laktidin paalle joko kaadettiin tai pipetoitiin G- 
kaprolaktoni . 



Reaktoriin lisattiin magneettisekoitta ja ennen reaktiopuo- 
liskojen sulkemista. Reaktori laitettiin hauteeseen, ja 

15 sekoitus saadettiin nopeuteen 250 min" 1 . Reaktori huuhdel- 
tiin argonilla (Aga, laatuluokka S, 99,99 %) n. 15 min 
ajan. Argon johdettiin reaktoriin glyserolilukon kautta . 
Lopuksi reaktorin ulkopinta vuorattiin foliolla. Sekoitus- 
nopeus saadettiin uudelleen arvoon 125 min' 1 syntyvan kopo- 

20 lymeerin alkaessa muuttua viskoosimmaksi . 

Valmistetut kopolymeeri.t ja niiden analysointi: 

Taulukossa 2 on esitetty yhteenveto suoritetuista G-kapro- 
laktoni/D,L-laktidi ( G-CL/D , L-LA) - kopolymeroinneista ja 
tuotteiden analyysituloksista • Kaikissa polymeroinneissa 
25 lampotila oli 140 °C ja polymerointiaika 24 h. 

Taulukossa 2 esitetyt, geelisuodatuskromatograf ialla GPC 
maaritetyt saatujen kopolymeerien moolimassa-arvot ovat 
lukukeskimaarainen moolimassa painokeskimaairainen mooli- 

massa M„ seka edella mainittujen suhteena K^/K,, saatava 
30 polydispersiteetti PD. Samassa taulukossa 2 esitetyt, 

dif f erentiaalisella pyyhkaisykalorimetrialla (DSC) maarite- 
tyt saatujen polymerointituotteiden sulamislampotila T m . 
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Taulukko 2 



Esimerkki 
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45 


60 


56 


2 


80/20 


0,0001 


0,005 


40 


60 


42 


3 


100/0 


0,0001 


0,25 


4,3 


5,2 


35 


4 


60/40 


0,0001 


0,001 


20 


40 


38 



Polymeerin ominaisuudet : 

Taulukossa 2 on esitetty tyypillisia tuotepolymeere ja ja 
niiden ominaisuuksia : 

5 GPC-mittaukset : 

Moolimassa-arvo jen mittauksissa GPC:lla naytteet valmistet- 
tiin siten, etta 15 mg naytetta liuotettiin 10 mliaan 
klorofoi^ia. Kolonneina kaytettiin Polymer Laboratories 
Ltdrn kolonneja huokoskooltaan 10 2 - 10 5 A. Watersin valmis- 

10 tamalla RI- eli valon taitekertoimella toimivalla detekto- 
rilla analysoitiin naytteet ajoajan ollessa 55 min virtaus- 
nopeudella 1 ml/min. Naytteiden moolimasso jen maarityksessa 
kaytettiin Polymer Laboratories Ltd:n polystyreenistandar- 
dien (PS) avulla piirrettya kokeellista kalibrointikayraa . 

15 Koska kopolymeereille ei ole saatavissa kokeellisia Mark- 
Houwink' in yhtalon a- ja K-arvoja, taulukossa 2 olevat 
moolimassat eivat ole naytteiden absoluuttisia moolimasso- 
ja, vaan PS-standardeihin verrattuja, suhteellisia arvoja. 

DSC-mittaukset : 

20 DSC-mittauksissa 5-10 mg:n naytetta lammitettiin no- 
peudella 10 °C/min kalorimetrikennossa . Jotta kaikkiin 
naytteisiin saatiin samanlainen terminen historia, naytteet 
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lammitettiin sulamislampotilansa yli +80 °C:seen ja jaahdy- 
tettiin n. -50 °C:seen. Toisen lammityksen kayrasta rekis- 
teroitiin T m arvot, jotka on esitetty taulukossa 2. 

Esimerkki 2 

5 Komposiittimateriaalin valmistus 

Esimerkin 1 mukaisesti valmistettua polymeeria otettiin 20 
g. Bioaktiivista lasia (tyyppi S53P4, viite 10), jonka 
keskimaarainen partikkelikoko on 300 urn, otettiin 20 g. 
Komponentit kaaciettiin Brabender Co-Kneader -laitteen 
10 Kneteter-sekoituspaahan, jossa kierrosnopeus oli 50 rpm. 

Kneterpaan lampotila oli saadetty 55 °C:een ja sekoitusaika 
oli 15 min, jonka jalkeen sekoituspaa avattiin ja homo- 
genisoitunut materiaali otettiin talteen sulatilassa . 

Lopputuotteena saatiin homogeeninen komposiittimateriaali , 
15 jonka biolasipitoisuus on 50 p-%. Komposiitti sailottiin 
kaasutiiviiseen astiaan typpisuo jakaasun alle. 

Ylla mainitut keksinnon suoritusmuodot ovat vain esimerkke- 
ja keksinnon mukaisen idean toteuttamisesta. Alan asiantun- 
tijalle on selvaa, etta keksinnon erilaiset sovellutusmuo- 
20 dot voivat vaihdella jaljempana esitettavien patenttivaati- 
musten puitteissa. 
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P ATENTT I VAAT IMUKS ET 



1. Laaketieteelliseen, erityisesti kirurgiseen tai tera- 
peuttiseen kayttoon tarkoitettu komposiitti, tunnettu 
siita, etta se kasittaa 

- lampotila-alueella -10 °C...+100°C plastisoitavissa 

5 olevan termoplastisen muovikomponentin, joka oleellisesti . 
koostuu hydroksihapoista tai hydroksihappo johdannaisista 
johdetuista rakenneyksikoista , ja jonka moolimassa on 
alueella 10 000 - 1 000 000 g/mol, ja joka hajoaa elimis- 
tossa tyypillisesti muutamasta paivasta useampiin vuosiin 
10 pituisessa ajassa ja joka kiinteassa muodossaan on mekaani- 
sesti luja muovimainen tai kumimainen aine, seka 

- bioaktiivisen komponentin, joka on bioaktiivinen lasi , 
bioaktiivinen xerogeeli, bioaktiivinen keraami, koralli tai 
koralliperainen tuote, tai bioaktiivinen lasikeraami . 

15 2. Patenttivaatimuksen 1 mukainen komposiitti, tunnettu 

siita, etta muovikomponentti on plastisoitavissa lampotila- 
alueella 5 °C...70 °C, edullisesti lampotila-alueella 
37 °C. . .55 °C. 

3. Patenttivaatimuksen 1 tai 2 mukainen komposiitti, tun- 
20 nettu siita, etta plastisoitu muovikomponentti on muovail- 

tavissa viela tietyn ajan sen jalkeen, kun komposiitin 
lampotila on laskettu lampotilaan, joka on tuntuvasti . 
alempi kuin mainitun muovikomponentin kovettumislampotila . 

4. Patenttivaatimuksen 1, 2 tai 3 mukainen komposiitti, 

25 tunnettu siita, etta muovikomponentti on saadellysti bioha- 
joava aikavalilla 1 viikko - 3 vuotta . 



5. Patenttivaatimuksen 4 mukainen komposiitti, tunnettu 
siita, etta rakenneyksikko on L-, D- tai DL-maitohappo ; L-, 
D- tai DL-laktidi; tai epsilon-kaprolaktoni . 



30 



6. Patenttivaatimuksen 5 mukainen komposiitti, tunnettu 
siita, etta muovikomponentti on L-laktidi- ja epsilon- 
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kaprolaktoni-rakenneyksikkoihin perustuva sekapolymeeri . 

7. Patenttivaatimuksen 6 mukainen komposiitti, tunnettu 
siita, etta sekapolymeerin koostumus on alueella 

epsilon-kaprolaktoni 

5 - 2/98 .... 98/2 

L-laktidi 

8. Patenttivaatimuksen 7 mukainen komposiitti, tunnettu 
siita, etta 

epsilon-kaprolaktoni 

10 =4:1 

L-laktidi 

9. Patenttivaatimuksen 8 mukainen komposiitti, tunnettu 
siita, etta sekapolymeerin moolimassa on noin 

30 000 - 300 000 g/mol. 

15 10. Jonkin edellisista patenttivaatimuksista mukainen 

komposiitti, tunnettu siita, etta bioaktiivinen komponentti 
esiintyy komposiitissa erillisina partikkeleina . 

11. Patenttivaatimuksen 10 mukainen komposiitti, tunnettu 
siita, etta erilliset partikkelit ovat kuituja, huokoisia 

20 kappaleita, mikropartikkeleita tai lasipalloja. 

12. Jonkin edellisista patenttivaatimuksista mukainen kom- 
posiitti, tunnettu siita, etta muovikomponentti ja/tai 
bioaktiivinen komponentti sisaltaa yhden tai useamman 
lisaaineen . , 

25 13. Jonkin edellisista patenttivaatimuksista mukainen kom- 
posiitti, tunnettu siita, etta muovikomponentti ja bioak- 
tiivinen komponentti muodostavat tiiviin kappaleen. 

14. Jonkin patenttivaatimuksista 1-12 mukainen komposiit- 
ti, tunnettu siita, etta muovikomponentti muodostaa huokoi- 
30 sen kappaleen. 
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15. Seos, joka on tarkoitettu jonkin patenttivaatimuksista 
1-14 mukaisen komposiitin valmistamiseksi, tunnettu 
siita, etta seoksen muovikomponentti ja bioaktiivinen 
komponentti ovat jauhemuodossa . 

5 16. Jonkin patenttivaatimuksista 1-14 mukaisesta kom- 
posiitista valmistettu pinnoite, kalvo, verkko , jauhe, 
kuitu, lanka, liima tai kappale, kuten levy, pallo, putki, 
naula tai sauva . 

17. Jonkin patenttivaatimuksista 1-14 mukaisen komposii- 
10 tin kaytto jonkin seuraavista tuotteista valmistukseen : 

- luusto- tai rustosovellus, kuten luun tai ruston taytto- 
materiaali, putkiluiden korjaamiseen tarkoitettu tuote, 
silmapohjan tai kasvoluiden korjauslevy, luusementti, liima 
tuotteen ja kudoksen tai kudosten kiinnittamiseen, implant- 

15 tipinnoite, selkarangan kor jauskappale ja kallolevy, 

- hammas- ja leuka-alan sovellus, kuten valiaikainen ham- 
maspaikkamateriaali f valiaikainen tai pysyva hammas juuren 
taytemateriaali , parodontaalinen tuote, hampaan poisto- 
kuoppaan asetettava tuote, hammassementti , valiaikainen 

20 hammassementti, valiaikainen kruunumateriaali , hammasim- 
planttipinnoite, purentaindeksikisko , kirurginen pasta ja 
jal jennosaine , joka voi olla esimerkiksi ientaskuun sovi- 
tettava massa, rengas tai lanka, 

- rustopinnoite, 

25 - tissue guiding -kalvo tai -putki, 

- suojaliina, haavaliina tai laastari, 

- vaikuttavan aineen, kuten laakkeen kantaja-aine tai muun 
biologisen rakenteen kantaja-aine. 
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(57) TIIVISTELMA 



Keksinnon kohteena on laaketieteelliseen , 
erityisesti kirurgiseen tai terapeuttiseen 
kayttoon tarkoitettu komposiitti . Keksinnon 
mukaan komposiitti kasittaa 

- lampotila-alueella -10 °C...+1Q0°C plas- 
tisoitavissa olevan termoplastisen muovi- 
komponentin, joka oleellisesti koostuu hyd- 
roksihapoista tai hydroksihappo johdannai- 
sista johdetuista rakenneyksikoista , ja 
jonka moolimassa on alueella 10 000 - 

1 000 000 g/mol, ja joka hajoaa elimistossa 
tyypillisesti muutamasta paivasta useampiin 
vuosiin pituisessa ajassa ja joka kiinteas- 
sa muodossaan on mekaanisesti luja muovi- 
mainen tai kumimainen aine, seka 

- bioaktiivisen komponentin, joka on bioak- 
tiivinen lasi, bioaktiivinen xerogeeli, 
bioaktiivinen keraami , koralli tai koralli- 
perainen tuote, tai bioaktiivinen lasike- 
raami . 

Keksinto koskee myos uuden komposiitin 
kayttoa ja siita valmistettu ja tuotteita . 



